


Cleaner water from space

LOLLLL

“We will know what’s happening,
and when it’s happening, and can
give timely information to local
governments for water quality.”

Menghua Wang,
Center for Satellite Applications
and Research
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by Jane Beitler

Travelers from around the world pause at China’s
Lake Taihu. Tranquility normally prevails along
the sculpted limestone cliffs and undulating green
hills ringing its placid waters west of Shanghai.
But in spring 2007, this picture of Chinese
beauty grew ugly when a massive blue-green algal
outbreak thickly slimed the lake’s surface.

Chinese officials declared the outbreak a major
health emergency. The algae, called cyanobacteria,
threw off foul odors as well as toxins that can
damage human health. Two million nearby
residents who drink Lake Taihu’s water scrambled
to buy bottled water for several weeks. Agricultural

runoff and wastewater discharge had overloaded
the lake waters with nitrogen; in spring, algae
grew explosively in the warm, fertile waters.
The most severe of several recent outbreaks, the
incident spotlighted the need to better manage
Lake Taihu’s water quality.

Far away in Maryland, the news of the bloom

in China gave oceanographer Menghua Wang

an idea. Wang, who specializes in remote sensing
of oceans, thought his idea could some day help
people who depend on lakes for drinking water.
He said, “Water quality is a very big issue affecting
people’s daily lives.” Wang, with help from
postdoctoral research associate Wei Shi, had just
tested a new method for satellite observations of

Lake Taihu in China is normally tranquil and picturesque; recently, massive algal blooms have spoiled its potability.
Researchers hope to use remote sensing to help local officials manage the lake’s health. (Courtesy S. J. Photography)




stirred-up coastal waters. He was fairly sure he
could use it to capture a time series of Lake Taihu’s
algal bloom. Such space observations of lake
conditions could help resource managers prevent
and intervene in water quality problems like the

Lake Taihu bloom.

Detecting the marine food chain

Wang’s plan involved satellite sensors designed
to detect phytoplankton, microscopic plants
that are the building blocks of the marine food
chain, near the ocean surface. A single alga or
phytoplankton plant is too small to be seen with
the human eye, but like pixels in a photograph,
masses of them compose a visible image.

Flying 438 miles (705 kilometers) over the Earth,
the NASA Sea-Viewing Wide Field-of-View
Sensor (SeaWiFS) and Moderate Resolution
Imaging Spectroradiometer (MODIS) measure
subtle gradations in visible and near-infrared light
reflected up from the oceans, including the
signature of green chlorophyll that indicates

the presence of phytoplankton. The resulting
data, called ocean color, map the abundance and
distribution of phytoplankton, giving researchers
information about climate conditions that favor
this organism, as well as overall ocean health.

In a similar way, the sensors could detect algae that
normally exist in a healthy freshwater ecosystem.
Unbalanced conditions like those at Lake Taihu
can trigger runaway growth, upsetting water
quality for both people and fish. Long before
detecting an actual massive algal bloom, sensors
might spot changes in water clarity, an early clue
to problems. Steven Greb, a research hydrologist at
the Wisconsin Department of Natural Resources,
said, “The usual way to measure clarity is to drive
to each lake, put a boat in, and lower a Secchi disk
on aline” A Secchi disk, designed for water clarity

measurements, is a white disk with a pattern
painted on it. As the disk descends, the depth
at which the pattern disappears is a measure
of the water’s transparency.

The technique can be labor intensive and
expensive on a large scale. Greb said, “These
measurements need to be repeated for several
years running to identify changes and trends.
We have more than 15,000 lakes in Wisconsin,
so it can get expensive. But satellite measurements
cost only a few cents per lake.”

Greb can use data from another satellite,
Landsat, to help assess water quality. But because
of its orbit, MODIS can offer more. Greb said,
“Landsat passes over any area only every sixteen
days. In the Midwest, we have a lot of clouds in
the summertime, so there’s good chance we’ll
have cloud cover that sixteenth day that Landsat
passes over. Then it’s thirty-two days between
data, and we don’t get a good image that
summer. MODIS is going around every day, so
the chances are much better of capturing a cloud-
free day” While MODIS has the advantage of a
more frequent orbit, its resolution is not as fine,
so it would be most useful for larger freshwater

lakes like Taihu.

Separating air and water

Wang, at the Center for Satellite Applications
and Research at the National Environmental
Satellite, Data, and Information Service, knew
that MODIS and SeaWiFS$ could obtain high-
quality data over the open ocean, but coastlines
and inland waters were still a muddle. Wang said,
“These areas are very turbid; a lot of sediment
causes a problem for remote sensing.”

MODIS and SeaWiFS measure solar radiation
that is reflected back by both the water and the

A blue-green algal bloom on Lake Taihu, China, recently
threatened drinking water supplies. Researchers are
studying new methods to detect water quality issues
from space. (Courtesy W. Wurtzbaugh)

atmosphere in the near-infrared band. Clear
ocean water absorbs almost all of the near-
infrared radiation, so the signal of the ocean is
quite distinct from the signal of the atmosphere,
which reflects much more near-infrared
radiation. But sediments in the stirred-up
shallower conditions common near coasts

and inland also reflect a lot of radiation in

the near-infrared band, making it hard to
distinguish water from atmosphere.

Wang also knew that MODIS had at least one
thing that SeaWiFS did not: a shortwave infrared
(SWIR) band, in addition to a near-infrared band.
He had recently used this band to refine MODIS
ocean color data, sifting out noise in the data
from dust and water vapor encountered during
radiation’s trip up from the ground. Wang said,
“Because the signal must travel so high, most of
it is from the atmosphere, not from the ocean.
The ocean signal is 5 to 10 percent of the data.”
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Wang thought that SWIR would also be more
sensitive to the difference between atmosphere
and turbid water, so he proposed to overlay
SWIR band data on the near-infrared band data.
In 2006, he tried the method along a consistently
turbid section of China’s eastern coast, near

Hangzhou Bay and the Yangtze River estuary,
and the ocean to the north of the Yangtze River
mouth. Using the new algorithm and MODIS
data from 2003, Wang found that he could
closely match ground observations from

2003 field campaigns in the area.
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Before-and-after satellite images captured a fast-moving algal bloom at Lake Taihu, China. Images (a) and (d) are
true-color, similar to what the human eye would see. Images (b) and (e), processed with the shortwave infrared

(SWIR) method, show the dramatic change in levels of chlorophyll (yellow and red), indicating the presence of algae.

Images (c) and (f) compare the radiation before and after the bloom in the blue range to help accurately detect

chlorophyll. (Courtesy M. Wang, from Aqua MODIS)
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A fast-moving bloom

Encouraged by his success with measurements
in turbid coastal waters in 2006, Wang saw

the 2007 bloom at Lake Taihu as a chance to
prove the method in turbid fresh waters. Wang
obtained archived MODIS data for March
through May 2007 for the Lake Taihu area
from NASA’s Level 1 Atmosphere Archive and
Distribution System Web site. MODIS data were
ideal for capturing the fast-spreading bloom,
providing time-continuous coverage at a high
resolution of up to 0.25 kilometers (0.15 miles).

The new algorithm worked. Wang said, “We
looked at the MODIS data and sure enough,
we could pick up the signal of where the bloom
was happening” Applying the SWIR method,
Wang studied Meiliang Bay, one of the main
water sources for Wuxi, a city on the Lake Taihu
shore. A series of MODIS images on cloud-free
days captured the algal bloom as it started the
first week of April, peaked around May 7, and
then tapered off in early June.

Wang sees a key role for near-real-time space
observations of lake water in the Taihu area and
in other regions trying to manage increasingly
pressured water resources. Wang said, “An image
series like this will be very useful for local officials
in the management of water quality. We will
know what’s happening, and when it’s happening,
and can give timely information to local
governments for water quality.”

Satellites for drinking water?

After the bloom, cleanup crews removed
6,000 tons of blue algae and 1 million cubic
meters (1.3 million cubic yards) of silt from
the lake, and after some weeks, restored its
potability for local residents. The cleanup



resolved only the latest crisis. Agriculture, city
sewage, and manufacturing in the area continue
to increase, overloading the lake with nutrients.
Local officials must work to lower emissions
and better treat sewage, while also finding
substitutes for nitrogen and phosphorus-rich
fertilizers, pesticides, and detergents. Continuous
observations from space could help gauge the
success of such measures, and in the shorter term
enable officials to warn residents well before an
algal bloom fouls their drinking water.

While the quarter-kilometer (0.2-mile) view

of MODIS may be too coarse to capture data
on smaller lakes in his region, Greb thinks that
work like Wang’s underscores the possibilities
for future sensors. Greb said, “Many of us in
the water quality community want a sensor on the
next generation of Earth observing satellites that
is tuned for measuring inland and coastal water
quality” Banding with like-minded researchers
as members of the international Group on Earth
Observations (GEO), Wang and Greb helped

craft a series of recommendations to this end.

Wang continues his work with existing satellite
data, refining and testing the SWIR algorithm.
He is inspired by the possibility of making a
difference to people who depend on freshwater
lakes like Taihu. He said, “I would like to see if
someone can use this method for monitoring,
or apply it to other regions. We need to learn
if this is a useful tool to do not only science,
but also to have an effect on people’s daily lives.”

1o access this article online, please visit
http://nasadaacs.cos.nasa.gov/articles/

2008/2008_algae.html.
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About the remote sensing data used

Satellite Aqua

For more information

NASA Level 1 Atmosphere Archive and
Distribution System
http://laadsweb.nascom.nasa.gov

Center for Satellite Applications and Research
http://www.star.nesdis.noaa.gov/star

Group on Earth Observations
http://www.carthobservations.org

Wisconsin Department of Natural Resources
http://www.dnr.state.wi.us

Sensor Moderate Resolution Imaging Spectroradiometer (MODIS)

Data sets used

MYD02QKM-Level 1B Calibrated Radiances—250 km

MYDO2HKM-Level 1B Calibrated Radiances—500 km

Resolution 0.25 kilometer and 0.5 kilometer

Parameter Radiances

Data center

About the scientists

NASA Level 1 Atmosphere Archive and Distribution System

Steven Greb is a research hydrologist for the Wisconsin Department of Natural Resources.

=5 His interests include new technologies for surface water monitoring and modeling, use of
. X remote sensing tools for water quality measurements, and the influence of process
‘ N hydrology mechanisms on water quality. He also is the point of contact for the Group

<3 } on Earth Observations water quality work task. (Photograph courtesy S. Greb)

Menghua Wang is an oceanographer at the Center for Satellite Applications and Research at the National
Environmental Satellite, Data, and Information Service in Camp Springs, Maryland. His research interests
include radiative transfer modeling; ocean color remote sensing; ocean and acrosol optical and microphysical
properties; and development of techniques. NASA and the National Oceanic and Atmospheric Administration

supported his Lake Taihu study.
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Where oceans meet atmosphere

LELLLL

“Ocean-going scientists don’t
want to go out without their
satellite maps—it would be like
taking a cross-country tour
without your road atlas or GPS.”

Kathie Kelly

University of Washington
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by Stephanie Renfrow

On February 24, 2007, a storm hit the Research
Vessel Knorr 1,200 kilometers (650 nautical
miles) off the coast of Bermuda. Below decks,
the crew listened as the fifty-foot waves and
hurricane-force winds slammed into the ship.
On the deck, strapped down with fourteen
cargo straps, a fifty-foot-long instrument lay
awash. Oceanographers aboard the ship had
been using the instrument, called a spar buoy,
to take measurements in the storm-pounded
Northern Atlantic.

Terry Joyce, an oceanographer with the Woods
Hole Oceanographic Institution, was aboard
the ship during the cruise. He said, “During the
night, as we limped toward Bermuda, we took

a big wave over the bow and had water up on
the bridge. The wave destroyed the spar buoy,
which we'd gone to such effort to recover just
the day before so it wouldnt get damaged at sea”
The wave snapped seven of the cargo straps and
swept parts of the buoy overboard; heavy battery
cases rolled around on deck threatening to short
out and spark a fire. The crew spent much of

Crew members recover a buoy which broke loose in the Gulf Stream. The instrument shown along the shiprails was
later destroyed in a storm. (Courtesy T. Joyce)



the night working to secure the mess while the
storm continued to toss the ship. “When we got
to Bermuda, we realized that there was no way
to bring the Humpty Dumpty buoy back to life,”
he said. “We knew we'd have to write it off and
continue the cruise without it.”

So why would Joyce join other oceanographers and
crew members aboard a ship purposefully bound
for the Gulf Stream, an ocean current associated
with dangerous winter storms? Joyce was part of a
three-year, multi-institutional effort that included
fifteen Principal Investigators, five research cruises,
and both satellite and in situ data. The goal: to
improve our understanding of Earth’s climate by
studying the interaction between our planet’s
ocean currents below and its atmosphere above.

Tracking a layer of slow-changing water

Before the storm destroyed the spar buoy, it was
one of several key research tools for the crew
aboard the R/V Knorr. Its downward end could
probe into the ocean waters for conductivity,
temperature, depth measurements, and surface
wave height and direction; its skyward end
could provide meteorological information like
temperature, humidity, winds, and radiation.
Joyce said, “It was like spawning a second vessel
that stayed in just the right spot, drifting with the
flow, while the ship went off and took additional
measurements. It was a fantastic device for
measuring air-sea exchange.”

Joyce and the other scientists aboard the R/V
Knorr were interested in air-sea exchange because
that interaction helps drive global climate. To
get measurements of the heat handoff between
oceans and atmosphere, the science team wanted
to be sure that they deployed the spar buoy, as
well as dozens of other instruments, where a
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This image shows conditions during a cruise north of Bermuda in late February 2007. Blue arrows show surface
currents; color bands indicate sea surface temperatures; black contours reveal eighteen-degree water forming at the
ocean's surface. (Image courtesy T. Joyce, from TOPEX/Jason-1 and Aqua AMSR-E)

specific layer of ocean water in the Gulf Stream
was actively forming. This layer, loosely referred
to as subtropical mode water, forms during the
winter when the waters of the Gulf Stream flow
to thirty degrees North Latitude and hand heat
off to the atmosphere. The mode water is a large
mass—sometimes 500 to 800 meters (1,640 to

2,625 feet) thick—that is consistently 18 degrees
Celsius (64 degrees Fahrenheit). University of
Washington oceanographer Kathie Kelly said,
“The mode water is so thick, and is such a heat
reservoir, that it takes years and years to change
it” Kelly continued, “Mode water is considered
the long-term memory of the climate system.
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The layer of water is so very deep, it’s almost
impossible for the atmosphere to warm it and
almost impossible to cool it. So it stabilizes
the climate system and provides a long-term
signal for climate.” Joyce agreed, saying, “The
connection between the Gulf Stream, mode water
formation, and winter storms is fundamental
to the way climate on Earth works—but that
connection isn’t really very well understood.
That’s what we’re hoping to learn by studying
mode water.” But to study the thick layer of
water, the ship’s crew first had to find it.

Satellite data comes onboard

How did the crew aboard the R/V Knorr know
exactly where to find the elusive mode water to
deploy their instruments? Suzanne Dickinson,
Kelly’s colleague and fellow oceanographer,
worked closely with the crew while she stayed
warm and dry on land. She said, “During the
cruises, I uploaded daily satellite maps, based on
sea surface temperature, to the ship.” Sea surface
temperatures helped the shipboard scientists find
the eighteen-degree water because it forms when

About the remote sensing data used

Satellite QuikSCAT

Sensor SeaWinds scatterometer

Data sets used

Resolution 25 kilometer

Parameters Wind vectors

Data center

QuikSCAT near-real-time ocean wind vectors

NASA Physical Oceanography DAAC

the atmosphere strips off the overlying warmer
water through heat exchange, allowing the cooler
water to appear at the surface. The satellite data
they used came from the Advanced Microwave
Scanning Radiometer for Earth Observing
System (AMSR-E), which flies on the NASA
Aqua satellite. AMSR-E is a passive microwave
instrument, so it was able to see through the
winter clouds and provide data even during

the all-too-frequent winter storms.

Dickinson retrieved the sea surface temperature
data through a NASA project called “Distributed
Information Services: Climate/Ocean Products
and Visualization for Earth Research,” or
DISCOVER. The goal of DISCOVER is to
provide accurate long-term climate records and
near-real-time ocean data products for scientists.
Frank Wentz of Remote Sensing Systems, Inc.,
leads the DISCOVER team; the NASA Global
Hydrology Resource Center (GHRC) hosts the
data for distribution in easy-to-use formats.

Joyce said, “The remote sensing information was
invaluable. We'd wait for it daily and download it

TOPEX/Poseidon/Jason-1

Nadir-pointing radar altimeter

Sea surface height
0.0001° in latitude and 0.05° in longitude
Sea surface height

NASA Physical Oceanography DAAC

around two in the afternoon. We were working
twelve-hour shifts day and night on the ship, so
we tried to have a clear plan before we turned
it over to the next shift.” By studying the broad
coverage of the satellite maps, the crew was able
to sail the ship to areas where mode water was
forming to deploy their instruments.

Dickinson said, “In addition to the sea surface
temperature data, we also sent QuikSCAT wind
data, which helped the crew see what weather
was coming, and altimeter data, which helped
indicate currents.”

Gathering three types of data from various
sources for five cruises spanning three years was
not a simple task. Dickinson said, “Near-real-time
data streaming doesn’t just happen all the time.
Sometimes I'd look for the data and it wasn’t
there—and I'd have to work with the DISCOVER
team to figure out the problem and how to fix it.”
Kelly added, “And the thing about cruises is that
it’s not okay if they miss a couple of days of
data. The DISCOVER team and Suzanne were

Aqua

Advanced Microwave Scanning Radiometer for
Earth Observing System (AMSR-E)

Sea surface temperatures
25 kilometer
Sea surface temperature

NASA National Snow and Ice Data Center DAAC

The table above lists the public NASA archive for these remote sensing data sets. Dickinson used reprocessed versions: QuikSCAT, by NOAA/National Environmental Satellite
Data and Information Service; Poseidon-2, by the Colorado Center for Astrodynamics Research; AMSR-E, by Remote Sensing Systems, Inc.
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tag-teaming every day to make sure the crew had
a map each afternoon. Ocean-going scientists
don’t want to go out without their satellite
maps—it would be like taking a cross-country
tour without your road atlas or GPS.”

Understanding the ocean’s memory

Joyce, Kelly, Dickinson, and the other scientists
involved in the study, called the Climate Variability
and Predictability Mode Water Dynamics
Experiment (CLIMODE), hope that the years

of work, the many stormy wintertime cruises, and
the unique combination of satellite and shipboard
data will ultimately improve our understanding
of both mode water and climate on Earth.

Because of the ocean’s predilection for slow
change, understanding the current state of mode
water and how it may influence future climate are
uppermost in the minds of oceanographers. Some
oceanographers who study Greenland ice cores as
a paleological record of climate have suggested
that if global warming continues, we could see
changes in ocean circulation that could cause
abrupt or extreme changes in climate.

Joyce said, “But before we can understand how
heat transport is going to evolve in a warming
world, we have to understand how the basic
system works: If you had more heat transported
by the Gulf Stream, would that make it more
stormy? Or would it change where the storms
happen? And if you perturb the system, how
would it react? Right now, we don’t know.

But that’s what we’re hoping to learn.”

1o access this article online, please visit
http://nasadaacs.cos.nasa.gov/articles/
2008/2008 _oceans.html.
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For more information

NASA Global Hydrology Resource Center
http://ghrc.nsstc.nasa.gov

NASA DISCOVER
http://www.discover-earth.org and
http://discover.itsc.uah.edu

Climate Variability and Predictability (CLIVAR) Mode
Water Dynamic Experiment (CLIMODE)
http://www.climode.org

University of Washington Applied Physics Laboratory
http://www.apl.washington.edu

Woods Hole Oceanographic Institution
http://www.whoi.edu

Suzanne Dickinson is an oceanographer at the Applied Physics Laboratory at the University
of Washington. She specializes in processing and analyzing satellite observations to better
understand ocean-atmosphere coupling, oceanic heat transport, and other dynamic ocean

% processes. She uses wind vectors, sea surface temperature, and sea surface height data.

NASA and the National Science Foundation (NSF) funded her research. (Photograph

Terry Joyce is an oceanographer at the Woods Hole Oceanographic Institution in
Woods Hole, Massachusetts. He specializes in studying oceanic fronts and mixing
phenomena, dynamics of warm-core Gulf Stream rings, shipboard acoustic profiling of
ocean currents, hydrographic sampling, oceanic subduction, physics of hydrothermally
forced circulation, and decadal climate variability. NSF funded his research.
(Photograph courtesy T. Kleindienst)

Kathie Kelly is an oceanographer at the Applied Physics Laboratory at the University
of Washington. Her focus is applying large data sets, particularly from satellite sensors,
to problems of climate, atmosphere-ocean interaction, and ocean circulation. Kelly has
been a member of the science teams for the NASA Scatterometer and TOPEX/Poseidon
and has served on NASA science advisory committees. NASA and NSF funded her
research. (Photograph courtesy K. Kelly)
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Alaska Satellite Facility Distributed

Active Archive Center (DAAC)

Synthetic Aperture Radar, Sea Ice,

Polar Processes, Geophysics

Geophysical Institute, University of Alaska Fairbanks
Fairbanks, Alaska

+1907-474-6166

asf@cos.nasa.gov

http://www.asf.alaska.edu

Crustal Dynamics Data
Information System

Space Geodesy

NASA Goddard Space Flight Center
Greenbelt, Maryland
+1301-614-6542
Carey.Noll@nasa.gov
http://cddis.gsfe.nasa.gov

Global Hydrology Resource Center
Hydrologic Cycle, Severe Weather Interactions,
Lightning, Atmospheric Convection

NASA Marshall Space Flight Center

Huntsville, Alabama

+1256-961-7932

ghrc@eos.nasa.gov

http://ghre.nsstc.nasa.gov

Goddard Earth Sciences Data

and Information Services Center

Global Precipitation, Solar Irradiance, Atmospheric
Composition, Atmospheric Dynamics, Global Modeling
NASA Goddard Space Flight Center

Greenbelt, Maryland

+1301-614-5224

help-disc@listserv.gsfc.nasa.gov
hetp://disc.gsfc.nasa.gov
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Land Processes DAAC

Surface Reflectance, Land Cover, Vegetation Indices

United States Geological Survey Earth Resources
Observation and Science (EROS) Center

Sioux Falls, South Dakota

+1 605-594-6116, + 1 866-573-3222
LPDAAC@eos.nasa.gov

http://Ipdaac.usgs.gov

Level 1 Atmosphere Archive and
Distribution System (MODAPS)

Radiance, Atmosphere

NASA Goddard Space Flight Center
Greenbelt, Maryland

+1 866-506-6347
modapsuso@saicmodis.com
http://laadsweb.nascom.nasa.gov

NASA Langley Research Center
Atmospheric Science Data Center
Radiation Budget, Clouds, Acrosols,
Tropospheric Chemistry

NASA Langley Research Center

Hampton, Virginia

+1757-864-8656

larc@cos.nasa.gov

http://eosweb.larc.nasa.gov

National Snow and Ice
Data Center DAAC

Snow, Ice, Cryosphere, Climate
University of Colorado at Boulder
Boulder, Colorado

+1 303-492-6199
nside@nsidc.org
http://nsidc.org/daac

About the NASA Earth Observing System Data Centers

Oak Ridge National Laboratory DAAC

Biogeochemical Dynamics, Ecological Data,
Environmental Processes

Oak Ridge National Laboratory

Oak Ridge, Tennessee

+1 865-241-3952

uso@daac.ornl.gov

http://daac.ornl.gov

Ocean Biology Processing Group
Ocean Biology, Ocean Color, Biogeochemistry,
Sea Surface Temperature

NASA Goddard Space Flight Center
Greenbelt, Maryland
http://oceancolor.gsfc.nasa.gov

Physical Oceanography DAAC

Sea Surface Temperature, Ocean Winds, Circulation
and Currents, Topography and Gravity

NASA Jet Propulsion Laboratory

Pasadena, California

podaac@podaac.jpl.nasa.gov
http://podaac.jpl.nasa.gov

Socioeconomic Data

and Applications Center

Human Interactions, Land Use, Environmental
Sustainability, Geospatial Data, Multilateral
Environmental Agreements

CIESIN, Earth Institute at Columbia University
Palisades, New York

+1 845-365-8988
ciesin.info@ciesin.columbia.edu
http://sedac.ciesin.columbia.edu
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